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A STUDY OF THE SEPARATION OF PETROLEUM 
INTO FRACTIONS AND THEIR IDENTIFICATION 
BY ULTRA-VIOLET ABSORPTION 
INTRODUCTION 
1 
In recent years there has developed an increasing need for a 
means of identifying individual components of petroleum.. The refinery 
engineer would like to and should know more ' about the composition of 
his product. Certain treating processes can be studied more thorough-
ly if a neans of identifying individual components can be developed. 
Petroleum contains many compounds other than those in fue l and lubri-
cants which may be of great value, but not much progr~ss can be made 
in that direction until the identification of those compounds can be 
simplified. 
As there never has been a satisfactory method for analyzing 
petroleum from the standpoint of rapidly determining its detailed 
composition, the Engineering Experimenting Station decided to sponsor 
the study of the ultra-violet absorption spectra of petroleum with 
the purpose of establishing a method for determining at least certain 
constituents of petroleum fractions. In accordance with th3 plan 
adopted~ equipment was to be designed from the standpoint of making 
it possible to run analyses in as short a time as possible without 
loss of accuracy. 
Although there is some data available on ultra-violet absorp-
tion spectra for some of the compounds found in petroleum, due to the 
disagreement in publisb3d results it was decided the absorption spec-
trum. would be redetermined for every compound for which analytical 
methods were to be developed. Each compound was to be prepared more 
than one way in order to remove any possibility that impurities might 
lead to inaccuracies in determining the absorption spectrum of the 
pure compound. 
This particular research problem deals with the qualitative an-
alysis of some of the aromatic hydrocarbons found in Mid-Continent 
petroleums. and the methods and apparatus used. Only those aromatic 
hydrocarbons having boiling points below 150° c. were to be consider-
ed because more work has been done on the identification of these 
hydrocarbons by different methods, and the possibilities of correlat-
ing results and thoroughly testing the spectroscopic methods were 
greater . 
Since paraffins and eyclo-paraffins do not give selective ab-
sorption down as far as 2000 I (6). it was realized from tba first 
that ultra-violet absorption methods could not be readily applied to 
such compounds. This apparent weakness in the proposed procedure. 
however. was offset by tba fact that such compounds could not inter-
fere with the analysis for other compounds--- a distinct ad-vantage 
over most other analytical methods. Nitrogen. sulfur and oxyge.n 
compounds and the aromatic hydrocarbons. however 1 absorb in the reg-
ion 3500 R to 1900 i. All of these types of compounds have been re-
ported as present in Mid-Continent petroleums (7). 
In order to prevent the spreading of e f'fort over too great a 
territory. it was decided to restrict the present investigation to 
a few of those aromatic hydrocarbons having boiling points below 
150° C. which have been identified in petroleum from different parts 
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of the world. These are benzene (1, 12, 23, 29, 41, 49), toluene (12, 
23, 29, 41, 49), ethylbenzene (41, 49), o-, m-, and p-xylene (49), 
o- and p-xylene (41), and m- xylene (23, 29). 
The absorption spectra of the compounds listed above are given 
in Table I . 
Some work in this direction was done by earlier workers. Gex 
and Vlex (19) found that certain absorption bands of gasoline samples 
they were examining weakened during the various stages of refinement. 
Cole (8) observed that the ultra-violet absorption spectra of ~amples 
of different crude oils were very much alike and none of them gave 
much evidence of selectivity. Be found that the spectra obtained 
with different gasolines, though very sharp and distinctive, ~ere too 
complex to permit analysis in terms of the components which produced 
them until much more was known about the spectra of the pure compo-
nents . Cole further concluded that in order for the ultra-viol et ab-
sorption spectra of crude oil to be used successfully, the petroleum 
must be separated into fractions and the fractions analyzed. It 
seemed best also to fol low a similar procedure in regard to gasoline. 
Since the :imthod to be used consisted of examining separate dis-
tillation fractions of the petroleum, it was necessary to design a 
fractionating oolumn to accomplish this separation sufficiently ao-




Fenske (47) got as hig}l as 100 theoretical plates with a 20 mm. 
column 2.82 meters long. The vaporization rate he used was 1.26 
liters per hour and the column was tested under total reflux. With 
another column 51 mm. in diameter and 2.59 meters long (14) he got 
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45 theoretical plates when the column was tested at a vaporization 
rate of 10 liters per hour . Palkin (33) has ma.de a column which can 
bo operated under vacuum, consisting of a s-eries of glass traps hung 
in wire gauze plates giving a small liquid holdup and consequently a 
small pressure difference between stillhea.d and stillpot. Bruun (3) 
has developed a corrosion-resistant column which was constructed com-
pletely of glass. Re obtained low R. E.T. P. values with this column 
which was of the bubble-cap type. Fenske. Tongberg and Quiggle (15) 
have found that the degree of separation increased logarithmically, 
not linearly, with ta, number of theoretical plates. Marshall and 
Sutherland (28) have compared lagged and unlagged columns operating 
at the same distillation rates and they have found th3.t a lagged col-
umn is 2.4 to 41.6 times as effective as the same column operating 
unlagged under the same conditions . Hill and Ferris (20) obtained 
an almost adiabatic column by placing a dead air jacket around the 
column and a heated air jacket outside of that . Podbielniak (37) 
devised a vacuum-jacketed column, using quartz for the inner tube 
and a Pyrex tube as n jacket around the inner tube . With this type 
of vacuum. jacket there was no breakage due to thermal expansion 
or contraction. 
TABLE I 
Compound Ref'erenoes Band :Maxima Expressed in j 
Benzene 44 2338 2347 2381 2391 2433 2492 2553 2614 2688 
Bentene 17 1980 2040 2070 2276 2350 2376 2440 2480 2560 2610 2695 
Benzene 18 1980 2040 2070 2276 2337 2376 2439 2510 2526 2610 2695 
Benzene 43 2040 2070 2276 2350 2380 2437 2485 2520 2560 2613 2700 
Benzene 4 1980 2040 2280 2344 2370 2480 2550 2600 2696 
Average for Benzene 1980 2040 2070 2278 2337 2347 2375 2436 2483 2623 2555 2612 2694 
I 
Toluene 44 2450 2489 2531 2550 2580 2592 2618 2643 2682 
Toluene 21, 25 2425 2440 2452 2458 2470 2494 2506 2626 2532 2565 2585 2598 2624 
2660 2684 2704 
Average for Toluene 2425 2440 2451 2458 2492 2526 2531 2560 2583' 2595 2621 2660 2683 
2704 
Ethyl benzene 44 2522 2581 2595 2608 2640 2672 
o-Xylene 22, 26 2083 2500 2524 2563 2624 2712 
M ... Xylene 22, 26 2151 2440 2500 2565 2598 2620 2649 2690 2727 
P-Xylene 7, 8 2133 2446 2469 2495 2516 2549 2591 2649 2670 2704 2742 
U1 
Tongberg and Fenske (45) used brass rings 6x6 mm.. as packing for 
a eol umn 8 feet long and 3/4" in diameter . Fenske , Tongberg, Quiggle 
and Cryder (16) used a 40-45 foot nickel fractionating column packed 
with one-turn nickel wire helices and obtained values of 100 theoret-
ical pla es. A packing of glass beads coated with carborundum. was 
used by dgley (30). He found that the efficiency of the column was 
increased by using beads coated with carborundum. rather than using 
uncoated beads. Farnum (13) confirmed idgley ' s observations. He 
also used lumps of carborundum as the packing materia l and obtained 
/ a column having a good throughput. Schicktanz (42) found that a 
double jack-chain packing increased the efficiency of the column, 
while a single jack-chain was not as efficient. A spiral of no . 20 
wire with 6 or 7 turns per inch was used by Podbielniak (36) to pack 
a 3 . 8 mm. column, whil e Mair, Schicktanz and Rose (25) used a 2 mm. 
column packed with no . 8 copper wire spirals. Rose {40) compared the 
column efficiency obtained by using single turn wire olices and 
spiral packing and he found that th9 single turn wire helices gave 
the smaller H. E.T. P. for the same operating conditions . Glass 
helices were used to pack a column made by Wilson (50) and he found 
that a low R. E. T. P. value could be obtained with a column packed 
with this material. 
Peters and Baker (33) used jacket around which a heater of 
resistance wire had been wrapped and circulated hot air through the 
jacket. Tongberg, Quiggle and Fenske {47) jacketed a small column 
and passed hot vapors from the still around the column itself . They 
also used a column around which resistance wire was wrapped in sec-
tions, each section being independently controlled. 
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Stillpot Heater 
For heating laboratory column stillpots~ gas and electric heat-
ers and various heated baths have been used. Marshall and Sutherland 
(28) insulated a 1000 ml. glass stillpot with asbestos and used an 
internal electric heater. External electric heaters were used more 
than internal ele.ctric heaters when petroleum. was fractionated. 
Stillhead 
Peters and Baker (34) obtained a better separation with a par-
tial condenser than 'With a total condenser. With a total condenser 
1 
a small holdup of distillate in the reflux regulator decreased the 
separation because the liquid holdup blended with the later distil-
late before collection. Podbielniak (38) confirmed the work of Peters 
and Baker ani found that the partial condenser method of regulating 
reflux gave good results when the charge in the stillpot was small 
while the total condenser method of regulating reflux gave good re-
sults when the charge in tU3 stillpot was large. Leslie and Geniesse 
(24) used both types of condensers and obtained satisfactory results . 
APPARATUS 
After a survey of the literature on fractionating columns has 
been compl eted it was decided that glass helices would be used for 
packing material and that partial condensation would be used for con-
trolling the reflux ratio . Glass helices were favored over other 
packing material s because they were easier to clean and were corros-
ion resistant . Partial condensation was favored over total condensa-
tion because in total condensation there is a blending of components 
due to liquid hol dup in the proportioning device . 
The essential apparat1~s for the qualitative analysis of petro-
leum. fractions by ultra-violet absorption spectra consisted of : 
I . Fractionating columns . 
II . Hydrogen discharge tube . 
III . Baly tube for an absorption cell . 
IV. Iron spark for use in calibrating the absorption spectrum 
plates . 
V. Spectrograph. 
VI . Comparator .. 
I . Fractionating Columns 
A. Large Fractionating Column. 
Still pot : The stillpot consisted of a 2000 ml . round-bottom 
Pyrex flask provided with a side tube . This side tube was used to 
sweep nitrogen gas through the flask and column before any distill-
ate ns collected. The flask was lagged with a one- inch thickn~ss 
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of 85% inagnesia- asbestos as shown in Figure 3. AW 34/45 Pyrex ground 
glass joint was used to connect the stillpot to the column. 
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Stillpot Heater: The stillpot heat er was made from a box 12 in-
ches square and 6 inches high. The box was filled with poweered mag-
nesia-asbestos~ which was moistened with water and moulded to form a 
depression shaped to fit the bottom of the stillpot. The heating el-
ement consisted of 25 feet of no. 20 nichrome ~ire wound into a spiral 
and this in turn wound spirally on the curved surface of the depres-
sion i n the magnesia-asbestos. The clearance between the stillpot and 
heating element was one-half inch and a 30 ohm rheostat with a current 
capacity of 6 amperes was used to controJ the temperature of the 
heater. 
Column: The column consisted of a. 170 cm. length of 20 mm. 
Pyrex tubing packed with single-turn glass helices. The ratio of the 
di8llleter of the column to the die.meter of the packing was 3 to 1. 
Lumps of carborundum were used first to pack the column but the col-
umn flooded tcoeasily1 although the ratio of the diameter of column 
to the size of the carborundum lumps was also 3 to 1. The column was 
equipped with a Pyrex glass jacket 170 cm. long and 40 mm. in diame-
ter. Rubber stoppers were used to support the jacket around the col-
umn1 the stoppers acting as shock absorbers as well as serving the 
purpose of sealing the space between the j acket and column. This pro-
vided a dead airrapace which aided in insulating the column. The col-
umn was test ed at this point and it was found tha:t no distillate from 
substances boiling over 100° c. would come over. Two layers of asbes-
tos paper were therefore wrapped on t he outside of the jacket and 
then 85 turns of no. 20 nichrome wire spaced three-fourths of an inch 
apart. were wound aroung t he jacket. A 100 ohm variable rheostat 
with a current capacity of 3 amperes was used to c ontrol the j acket 
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temperature . 
A one inch thickness of 85% :magnesia-asbestos was then plastered 
over the jacket heater~ leaving two open spacee 2• in l ength to serve 
as windows to permit observation of the column packing whenever a 
fractionation was being performed. Two thermometer wel l s were in-
serted through the insulating material to permit a determination of 
the jacket temperature . These were spaced so that one thermometer 
would show the jacket temperature at the top whi l ~ the oth3r would 
show the temperature midway between the top and bottom of the column. 
Since the turns of wire comprising the heating element were equally 
spaced along the jacket .. every portion of the jacket was equally 
heated . 
Stillhead : The stillhead 1ms designed as shown in Figure 3 . A 
layer of asbestos paper and then five turns of hollow tin tubing was 
wrapped around the stillhead as shown in Figure 3. Connections were 
arranged so that air or water could be passed through the tin tube 
at varying rates of flow~ thus controlling the reflux ratio. The 
stillhead was covered by a one-inoh layer •of magnesia- asbestos lag-
ging . The insulation on the stillhead was necessary because without 
it no distillate could be collected due to the fact tlat all of the 
vapors condensed on the stillhead walls.. The proper thickness of the 
insulation around the stillhead was determined by the trial and error 
method. A thickness was determined which allowed just enough heat 
to be dissipated to permit a reflux ratio of 20 to 1 f or the light 
hydrocarbon fractions . 
B. Small Precision Fraetionator. 
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Stillpot Heater, The stillpot heater consisted of a 660 watt 
cone-type heating element mounted inside a 4" steel pipe which was 
lagged with one inch of magnesia-asbestos. The heater was controlled 
by a 50 ohm variable rheostat having a current capacity of 5 amperes . 
Columnr The column was designed as shollll in Figure 4 . It con-
sisted of a 12 mm. tube ,hich was packed with 3 mm. single turn 
glass helices . Two tubes were placed concentrically around the col -
umn., one 19 mm. in diameter and the other 40 mm. The 19 mm. tub6 
was silvered on the outside to prevent the loss of heat by radiation 
from the column. Rubber spacing and supporting sleeves served to 
make a dead air space between the col umn and the first tube and at 
t he same time to support both tubes. The oolumn was packed for a 
height of 112 em. 
The column was tested before the jacket heater was placed around 
the column. It was determined that a jacket heater was necessary 
because no distillate ca.me over under these conditions . Two layers 
of asbestos paper w~re wrapped around the outside of the outer jacket 
and then 60 turns of no. 26 nichrome wire were wound around t he en-
tire length of the packed section. Two layers of asbestos paper were 
finally wrapped around t he jacket heater . A 100 ohm variable rheo-
stat with a current capacity of 3 amperes was used to control the 
jacket temperature . A t hermometer was placed at the top of ti1e 
packed section between the inner and outer jacket . 
Stillheada The stillhead was desi gned as shown in Fi gure 4 . 
Six turns of hollow tin tubing were wrapped around the stillhead and 
one end was attached to a pipe through which hot air from an air 
heater was forced by means of a blower . The temperature of the air 
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was regulated by means of a 30 ohm variable rheostat. The col umn was 
tested without lagging around the stillhead and it was found that the 
time necessary for the column to reach equilibrium condition was great-
er than the time necessary to run the rest of the distillation. Lag-
ging was then used around the stillhead . The column then reached eq-
uilibrium condition within an hour when lagging was used. 
II. Hydrogen Discharge T~be 
The hydrogen discharge tube was designed as shown in Figure 2. 
The inside of the tube connecting the electrode chambers was coated 
with silver to reduce the atomic hydrogen speetrum, by dissolving sil-
ver hydroxide in ammonium hydroxide. wetting the inside surfa.ce of 
the tube with the solution. and passing the tube through a hot flame . 
The arrangement of electrodes 1.1.sed in t his 13.pparatus gave a min-
imum of toe fogging effect often caused by aluminum dust collecting 
on the quartz window. A 3 llila. fused quartz window was cemented to 
the discharge tube with picein cement . Mercury was used in the stop-
cock on the hydrogen inlet side because no stopcock grease could be 
used due to the fact that small traces of stopeoek grease on the in-
side of the hydrogen discharge tube would cause undesirable hydrocar-
bon emission lines to show. 
The entire discharge tube was cooled by immersion in a 'W8.ter 
bath. An A. C. ammeter placed in the pri.m.e.ry circuit of the 1 K. V.A. 
transformer combination was used ~o indicate the power at which the 
tube was operating. Since the current flowing in the secondary cir-
cuit when the discharge tube was operating varied with the pressure, 
it was possible by trial and error to determine the best openating 
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conditions using the ammeter in the primary as the indicator. 
Two 0.5 K.V.A. transformers with primaries connected in parallel 
and having a combined output or 3200 volts were connected in series 
on the secondary side with a 2000 ohm resistor circuit and the dis-
charge tube . A single switch of the design shown in Figure 1 was 
placed in the circuit enabling instantaneous change from the dis-
charge tube circuit to a second circuit in hich the secondaries of 
the transformers were throvm in series end connected through an118000 
ohm resistance to the iron spark. 
A Cenco Megavac pump was used to evacuate the discharge tube . 
A direct current generator supplied the current for generating hydro-
gen gas by the electrolysis of a 15% solution of sodium hydroxide. 
The hydrogen was dried by passing it through two baths of cold concen-
trated sul furic acid and an 18 inch tower fil l ed with glass wool. A 
tower filled with anhydrous calcium oxide was first used in the dry-
ing system but the porous material contained a large amount of ad-
sorbed an- and this added to the hydrogen small quantities of air as 
an impurity. 
III. Absorption Cell 
The absorption cell was constructed similar to a Baly tube with 
the exception that brass was used f or the cylinders. The outer cylin-
der was 4" long and had an inside di8ll18ter of 1 1/B". The inside cy-
linder was 4tt long and had an outside diameter of 1 7/64" and an in-
side diameter of 1 5/16". Fused quartz windows were cemented to the 
inside and outside cylinders by a cellulose acetate cement. A scale 
attached to the station~ry outside tube and a pointer attached to the 
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movable inside cylinder made it possible to set the cell for any des-
ired thickness up to a maximum of 40 mm. 
IV. Iron Spark 
Two welding rods served as the material for producing t he iron 
spark. These rods were mounted in a frame which could be changed in 
position to allow the hydrogen arc to be used after the plate was ex-
posed to the iron spark. With this arrangement it was possible to al-
ways set the iron electrodes to the same position every time. It was 
necessary to operate the iron spark with the two transformers in ser-
ies in the secondary circuit and with an 18000 ohm resistor in series 
with the spark. 
V. Spectrograph 
A Hilger E 37 quartz spectrograph equipped with a 60° Cornu 
prism and an internal wavelength scale was used to photograph the ab-
sorption spectra of the pure compounds and of the petroleum fractions . 
V! . Comparator 
A Ga.ertner Comparator capable of measurements accurate to plus 
or minus 0 . 0001 inch was used for measuring the plates . Using known 
lines of the iron comparison spectrum as standards. the wavelength of 
the band maxima were oalcul ated by substituting the measurements ob-
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Mixed hexanes purified by a modification of the method of Cas-
tille and Henri (5) were used. The method used consisted of shaking 
two liters of the mixed hexanes with one-hal f pound of 15% fuming sul-
furic acid f or a 16 hour period, decanting. and repeating until the 
acid was not colored when added to the hexane. The hexane was then 
washed with distilled water , decanted and shaken for 30 minutes with 
a 10% solution of sodium hydroxide . It was then treated withal W 
solution of alkaline potassium. permanganate, decanted, and then treat-
ed with 1 N acid potassium permanganate. The hexane was then decanted 
and washed i t h several portions of distilled water. The hexane was 
dried with anhydrous calcium chloride and the portion boiling between 
60- 67° c. was used as its transmission ranged down as far as 2150 i . 
The photographic plates used were Eastman Spectroscopic Plate, 
Type 1-0, Ultra- violet sensitized and backed. 
The sample of crude oil was obtained from the Bureau of Mines 
Station located at Bartlesville , Oklahoma . It was Sample No . 38160 
from Continental Oil Company ' s c.s.o. Hill Well No . 13, Sec . a. Twp. 
25 North , Range 2 East . 
Table II shows the compound, method of preparation, index of re-
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Purification Method A (39) 
1. Product fractionally crystallized by allowing one-half of 
the product to crystallize and saving that portion which crystallized. 
2. Product once again fractionally crystallized. 
3. Product shaken with mercury for fifteen minutes. 
4. Decanted and washed with water followed by shaking with cold 
concentrated sulfuric acid for 2ihours. 
5. Decanted and repeated shaking with sulfuric acid until there 
was no discoloration of the acid. 
6. Decanted and washed with a 10% solution of sodium hydroxide 
for 2} hours. 
7. Decanted and washed with several separate portions of 
water. 
8. Decanted and again shaken with mercury for f ifteen minutes. 
9. Decanted and washed with water~ then decanted and dried with 
anhydrous calcium chloride. 
10. Fractionated in a 35-plate fractionating column and the mid-
dle fraction saved. 
11. This middle fraction again fractionally crystallized twice. 
12. Product preserved in ground-glass stoppered bottle and tin 
foil placed over stopper to keep dust from collecting on the stopper 
and mouth of the bottle. 
Purification Method B (39) 
Same as method Aexeept no fractional crystallization was used 
and two repeated fractional distillations were substituted for the 
repeated fractional crystallization 
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PROCEDURE: 
One liter of crude oil, Sample No. 38160, was placed in a.n ordin-
ary two liter distilling flask provide<l with a tubo for blowing nitro-
gen gas into the flask. Tho nitrogen wa.:1 allowed to sweep through 
the flask until distillate started to collect. At this point the vel-
ocity of the vapors rising from the distilling flask were great enough 
to keep air from entering the flask. Distillate was collected up to 
a temperature of 200° c. Similarly, another liter of· crude oil was 
topped and the distillates from both were poured into the stillpot of 
the large fractionating column. 
The stillpot heater and the jacket heater of the large fraction-
ating column were turned on and regulated so that the stillpot heater 
was at a slightly higher i;amperature than necessary to operate the 
column without flooding. The jacket heater was adjusted to give a 
column temperature of 50° c. and cold water was allowed to circulate 
through the hollow tin tube located on the stillhead. After two hours 
the column flooded and the stillpot heater was then regulated so that 
the vaporization rate was just sufficient to keep the column just 
below the ~oint of flooding. The rate of flow of water through the 
tin tube on the stillhead was regulated so that a reflux ratio of 20 
to 1 was obtained and distillate was collected at the rate of' 2 cc. 
per minute. 
By a simple adjustment of the variable rheostat controlling the 
jacket heater it was possible to gradually step up the jacket temper-
ature and still maintain an a.1most adiabatic. column. For instance, 
when collecting distillate between 93 and 103° C., the column jacket 
temperature was adjusted to 98° C. and maintained there until it was 
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time to collect a nevi fraction. 
Partial condensation was not controlled by :r10tte of floT; of' vmter 
throut);b the tin tube on the stillhead., after the stillhea.d tmnperat-
ure had reached 90° c. 'i'he lag;g;ing uroun6. the stillhead was· of such 
a thicJ:::ness., determined by trial and error, t1mt the hollow· tin pipe 
absorbed enough heat and dissipated it fast enough to a.llow just en .. 
ough temperature difference between the stillhee.d. walls and vapors so 
that it was an easy matter to keep tbs reflux ratio pre.ctioally con-
stant a-c a distillBtion rate of 2 oc. per minute. The colu..mn. wa.s op-
e:::-ated until fractions had been collected up to 1600 C. The total 
time to collect each fraction varied with tbe quantity of constitu-
ents ht-svinc boiling points in that range 1 but on an average, it took 
two hours to eoUect ea.ch 10° C. fraction. After a sample had been 
collected it wa.s labelled. and the absorption spectra. taken .. It was 
found possible to completely analyze ono fraction before the next 
fraction :had been completely collected. 
The :following procedure t\'13.S used ic.1. taking the absorption spec-
tra of each fraction: 
Preli~inary: The pressure in the hydrogen discharge tube was ad-
justed by allowing; hydrogen to f'lo"'.'l in through the inlet 13topcoek, 
then evacuating until the mnm.eter ple,ced in too priwary circuit showed 
tbat 5 runperes were flowing through the primary e.irouit. This was eq-
uivalent to about 0.5 ampere flowing through the secondary side. Al-
though by further evscuation it wa~ possible to get 10 a~peres flow-
inp; through the primary, by trie.1 ru.d error it was noted that when 
the discharge tube was evacuated just so that the ammeter showed 5 
amperes in tbo primary, the most intense and continuous spectrum was 
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obtained. At lower pressures the atomic line spectrum of hydrogen be-
came more pronounced. 'l'his is much less suitable for absorption work,. 
particularly when narrow bands are to be observed. 
Proc,edure 
1. A 2 to 5% solution of the fraction in hexane 
was prepared. 
2. Switch was then changed to place transform-
ers in series. 
3. Iron electrodes placed in position for ex-
posing the plate to tle iron spark. 
4. Plate exposed to iron spark for 45 sec. 
5. Scale placed on plate. 
6. Iron electrodes removed from this position 
and switch changed to place tra.nsfo:rmers in parallel. 
Slit height was adjusted to 3 mm. Plate holder was 
lowered 3 mm. 
7. Cell placed in position, filled with pure 
hexane to tm me.ximu."Tl thickness of 40 mm. and ex-








then lowered 3 mm. 25 see. 
a. Cell removed from its position, hexane re..-
moved, cell placed back in position, and plate ex ... 
posed for 5 seconds with arc through cell windows 
touching. Plate holder then lowered 3 mm. 
9. Solution of petroleum fraction in hexane 
placed in cell and the following thicknesses used: 
0.5, 1, 2,. 5, 10,. 15, 20, 30,, and 40 mm .. Plate ex-
45 sec. 
P:roc0dure (Cont'd) 
posed :i'or 5 soconrls for each thickness and plate 
holder lm-,ered 3 nun .. after each exposur,e. 
10. Plate developed and dried. 




Total time for ea.oh analysis.: Approximately 100 min. 
A 5% solution of' each fraction below 100° C * vms exposed for a 
:maximum time of' 5 seconds to obtain the most satisfactory results. 
For those fractions above 100° C. a 2% solution of the fractions in 
hexane was used., with th:i same mlll:x:im.um exposure. 
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'i'he small fractionating; column was used in the f'ractionatio:e:1 of 
the aromatic hyd:roonrbons which were to be used as standards. Since 
this colu:mn wa,s designed to operate at the re:be of 10-15 cc. of dis-
tillate per hour, it ws.s a little more difficult to adjust. The 
rlothod used i;o bring the column to equilibri1J}n was to f'irst have the 
stillpot te:mpera.ture high enough so that the vapor velocity i:n the 
jacketed. section was just enough to cause the column to flood. i:fhen 
t:;he colurnn flooded for tho first tiJno, the ir-:lrit~.ble rheas.tat oontrol-
li11g the stillpot heater was adjusted so that the column operated 
ju.st l.Jelow i'looding. The jacket temperature was adjusted to be equal 
to the boiling; point o.f the pure product. The colum.n ·was designed so 
tr.ia {;; the stillhead dissipated heat fast eno:.tgh to ma:tntain a reflux 
ratio of 20 to 1 and a distillation rate of 10 cc. per hour. For com-
pounds boiling; above 100° C .. it was necessary to blow hot 11.ir th!"ough 
tho hollo1.v tube on the sti llhead. The rate of flow of: hot dr was ad-
justed to give the proper teI:1perature gradient between stillhead and 
column va::Jors and thereby a constan'l:; reflux ratio 1mm :maintained. 
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The large tra ionating column a tost:ed ith binary mixtur 
of benzem and o rbon t traohl-0rU.. The mol porcant of o eh compon-
.ent G-s detennined with -.n Abbe refractometer. The p.oriutioa r to 
RT-""Prn,.ned by ope . ting th& ti llpot und r the samo o ditions 
used rn o colt.mm teated, and t vol of distill te per 
unit •• ured. To e.ll for the return of hot reflux to the 
stillpc.t. a.n ount 0£ hot liquid b.avin~ approximately tm s O()ffl,,,, 
positio as the distill to eq l 1n vol to th distillate col-
leot.ed p&r unit tiJ :e~ s retum d to th stillpot by me 
side tube of tl• atil lpot. 
of th 
The vaporisation r to had to de-te.rminBd by this thod bac :UM 
-tbe eol deaigned. for the purpos ot tr otionating petrole and 
was not to be used ae a eolUX!'.1%1 in which ftriou_s ope ting variables 
re to be test as to their et.feat upon aepo.re.tlcn end lI. • '!. P. 
l traet.ionating coltm.n was teated with a binary mixtur 
orb na ne and cs.rbon tetr c lor-1.de-. Tb JaOl rcent ot e onsU • 
ue-nt s sured by ans of an Abb retra.ctomete:r. The reflux ratio 
!'.i cetemined by oountint drops from the prod c't 11 and tr . the 
roflux c unter tu!' l loo ted in t •U.llhKd. 
hl& Ill gives the re.if.Ulta of the test on the 1.ar & and 1 
wit!t 18 id of nartmru:m•e di•peraicn formula., 
.A • )" + !So ~ a 
•he:re ) • ~le»gth in i ot the band in queetion, e.nd ~ · !. and t 0 
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( 3) A o • >. 1 - ~ 
0 
(4) ). 1 2 3 = Wavelength of kn01Vll lines in the iron 
' ' spark spectrum.. 
d2 = distance between A 1 and,J2 
d3 • distance between J 1 and ~ 3 
d . - distance between A 1 and band in question. -
The distanced 1m.s measured with a Gaertner comparator capable 
of measµrements to plus or minus 0.0001 inoh. 
TABLE III 
I 1 Vaporization a Product : Reflux I llol ~ 0014 aMol % CCl41Rel.Vol-1 No . 1 
Run No . a Column 1 Rate a Re.te 1 Ratio I In a In 1atility 1Theo . • 1 H.E. T. P. 
I I cc ./min. I oo./min. • a Distillate I Residue a a.Plates 1 cm. 
1 Le.rge 10 1 10-1 0 . 890 0.595 1.135 40.5 4 .20 
2 Large 40 2 20-1 0 . 900 0.610 1 .135 17 . 7 9.61 
3 Small 3 .2 15-1 0 . 190 0 . 380 1 . 135 30.0 3 . 80 
4 Small 6 .3 20-l 0.830 0 . 400 1.135 23.5 4.85 
5 Small 1.5 .15 10-1 0 . 840 0.510 1.135 36. 8 3.10 




Compound Method of Preparation Band 1fa.xima Expressed in I 
Benzene PJ!erok 1s C. P. 2680 2600 2540 2480 
Banzen.e Pyrolysis of. Sodium Benzoate 2677 2598 2537 2480 
Average for Benzene 2678+2 2599+1 2538+2 2480+0 
Ethyl benzene Eastman Kodak 2670 2639 2598 2678 
Ethyl benzene Friedel-crafts 2669 2640 2600 2576 
Ethyl benzene Clemmenson Reduction 2667 2638 2602 2576 























39- 76° c. 2680 2601 
76- 93° c. 2678 2601 
0 93-103 c. 2683 2671 
0 103-113 o. 2678 2615 
0 113-123 c. 2736 2718 
123-133° c. 2733 2704 
133-143° c. 2738 2723 
143-153° c. 2712 2674 
TABLE V 
Band Maxima Expressed 1n i 
2542 2483 2431 2377 
2542 2486 2428 2379 
2657 2637 2620 2609 2577 
2599 2587 2565 2537 2480 
2678 2645 2613 2595 2583 
2668 2644 2613 2566 2523 
2685 2661 2638 2600 2576 
2643 2609 2588 




2549 2616 2474 




In Tables VI to XIV a comparison betwe,<Jn the s.bsorptioi1. maxima 
determined for fractions 39° c. to. 153° c •• respecti-vely .. a.ntl the ab-
sorption maxima for the aromatic h:;rdrocs:.rbons are shown. Although 
benzene and ethyl benzene· ara the only aromatic hydroce.rbons "Nhich were 
prepared for this rese~rch work. the absorption maxima for toluone and 
the xylenes are also included. The agreements between the values of 
absorption maxima for benzene and ethylbenzene as determined in this 
research and f'rom. the literature ~.vas satisfactory and therefore it 
was assUJ:::.ed that the absorption band maxima data for toluene and the 
:x:ylenes as found in the literature would suffice to show tro.t by frac-
tionation and ultra-violet absorption spectra. .. it was possible to id-
entify these coned:;ituents found in crude oil •. 
The absorption band spectra for fractions boiling up to 123° C. 
showed benzene was present. The fact that banz.ene showed up in all 
other fractior.s was not the fault of the fractiow:i.ting col1..1D11. Benzene 
exhibits a very strong absorption characteristic and therefore a thous-
andth of one per c.ent of benzene would probably show up in the absorp-
tion spectra for fractions wt.ich contained that amount or more. 
It was the purpose of this :r~sea;ch to show that while pet.roleum 
must be fractionated to obtain the best ultra-violet absorption d&iia, 
a.n overlapping; of one or two compounds in the next fraction would not 
interfere with the identi.f.'ieation of constituents by u.l tra•violet ab-
sorption spectra. The resuUo of this resoarch sho.v that while petro-
leum must be fractionated for the purpose of separating components 
\vhich may be more easily identified,. the separation need not be abso .. 
lutely complete because in this research the separation was not com-
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plete and no intereference due ·to overlnpping of absorption bands was 
experienced. 
Benzene we..s identified in the fraction 39-1':,° C. (Table VII) be• 
cause all 6 absorption bands of that fraction coincided with 6 bands 
of the benzene standard. Benzene was also identified in fraction 76• 
93o C. (Table VIII) when a similar comparison lffl.s made. The absorption 
maxima for f'raction 9.3-103° C. (Table IX) when compared with benzene 
and ethylbenzena standards showed benzene and ethylbenzene as consti-
tuents of tbat fraction. The toluene absorption :maxima from literature 
data, whon compared with this fraction, shmved toluene to be present. 
Fraction 103-113° C. (Table X) when compared with a benzene stan-
dard and toluene absorption maxima data, showed benzene and toluene 
to be present in this fraction. The number of benzene bands was less: 
than in the two previous fractions. Toluene bands seemed to be the 
strongest for this fraction. 
Table XI shows that for fraction 113 ... 123° c. that benzene, tolu-
ene, o-xylene and p-xylene were present. Three bands of the benzene 
standard coincided with three bands of' this fraction. One band of 
a-xylene had the same wavelength as that band determined for this 
fraction. Three bands in t~~s fraction were identical with three 
bands for p-xylena absorption maxima.. Three bands for toluene when 
com.pared to the absorption bands for this fraction showed toluene to 
1xi present. Therefore all bands were accounted for and benzene, tolu-
ene, and o- and p-xylene were present in this fraction. 
The absorption m.a.xima. for fraction 123-133° c. (Table DI) when 
compared with ethylbenzene, toluene. and m-xylene absorption data, 
showed that ethylbenzene. toluene, and m•x:ylene 1.'l'ere present in this 
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fraction. 
Fraction 133-143° c. (Table XIII) contained ethylbenzene, toluene. 
m- and p-:xylene. Ethylbenzene bands showed up the strongest. 
Fraction 143-153° c.· (Table XIV) contained o- and p-xylene. 
It may be definitely said that benzene and ethylbenzene were 
present in this sample of crude oil. Toluene and the xylenes were 
.tound to be present in this same sample. It was decided that standards 
would be prepared for every compound analyted and therefore while com-
parisons were made to show that toluene and the xylenes were present, 
these comparisons were made to bring out the fact that the separation 
of petrole um into 10° C. fractions was satisfactory from the stand-
point of determining composition by ultra~violet absorption spectra . 
The results of this research show that qualitative analysis may 
be run by talcing ultra-violet absorption spectra and that it would be 
possible to run a q ntitative analysis because by using 10° c. frac-
tions the absorption spectra so obtained were spread over a wide range 
of bands and there was no general absorption. 
The time to run a qualitative analysis by fractionation and ultra-
violet absorption analysis was much less than any other method used. 
The time to run such an analysis may be reduced by further experimen-
tation along the lines of developing a method for more rapid plate 
calibration, a faster plate development. possibly a greater rate of 
distillation, and a less pr~cise distillation. 
TABLE VI 
COMP.ARISON BETWEEN LITERATURE DATA AND VALUES OBTAINED 
FOR ABSORPTION B.ABD ll.AXIMA AS DETERMINED I TRIS RESEARCH 
Benzene• Benzene•• 


























• Standard values taken from Table IV. 











FRACTIOlf 39- 76° C. 
ilSORPTION MAXIXA EXPRESSED Ill R 








FRACTION 76-93° C. 
ABSORPTIOJI JlUIMA EXPRESSED Ill j 










FRACTION 93-103° c. 
ABSORPTION MAXIMA EXPRESSED IN j 
Ethyl-
Fraction Benzene Standard Benzene Toluene 
Standard 







2554 2560 ... 6 
2544 2544+2 
2536 2538+2 2531 
2525 2527""4 2526 
2479 2480+-0 2473+1 
2463 2458 
2423 2428+2 2425 
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TABLE X 
FRACTION 103-113° C. 
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TABLE ll 
FRACTION 113-123° C. 
ABSORPTION 'MAXIMA EXPRESSED IW R 
Ethyl-
o- Xyf;ne m-Fraction Benzene Benzene Toluene Xyl ene Xylene 
Standard 
2736 2742 2727 
2718 2712 
2678 2678+2 
2645 2639+1 2649 2644 
2613 2621+3 2620 
2595 2599+1 2600+2 2595-4-3 2598 
2583 2583+3 




FRACTION 123-133° C. 
ABSORPTION MAXIM.A EXPRESSED IN j 
Ethyl-




2704 2704 2704 
2668 2668+2 2670 
2644 2639-+l 2649 2649 
2613 2620 
2566 2560+5 2563 2565 
2523 2527+4 2524 













FRACTION 133-143° C. 















































1. A review of the literature concerning work done on ultra-
violet absorption of petroleums and petroleum fractions is presented. 
2. A review of the literature concerning fractionating columns. 
their design. advantages and disadvantages~ is presented. 
3. · Diagrams and descriptions of the apparatus uaed are given. 
4. The materials used in this research are given. 
6. The procedure used in running an analysis of crude oil is 
given. 
6. Absorption maxima found for the aromatic hydrocarbons which 
were prepared. have been tabulated. 
7. The absorption maxima found for every fraction have been 
tabulated. 
8. The comparisons between fractions and the aromatic hydroear-
bons concerning absorption band maxima have been tabulated. 
9. 'l'he comparison between the absorption maxim.a for some of the 
hydrocarbons studied as found. in t~ literature and between the maxima 
found in this research have been tabulated. 
10. The future possibility of using ultra-violet absorption aa 
a tool for determining composition of crude oils has been suggested. 
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